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| RADI O FREQUENCY GROUNDI NG ROD BACKGROUND OF THE

I NVENTION (A) Field of the Invention The present
invention i.s related to a radi o frequency (RF)
grounding rod, nore speci“f1| Ttally, to an RF groundi ng
rod enployed in a plasnma process chanber. (B)
Description of the Related Art Plasma is commonly used
for wafer manuyf cturln in _the sem conductor
|ndustry, 2 VAR 3 NDING
physi cal " 10 vapor dep03|t| on (PVD) or etch| ng all use

pl asma.. Pl as i gh- energy
B%@Kﬁdﬁby i oni za?l on of Fﬁl\h

el ectrons generate cul es,
that ion bonbardnment, or adsorption occurs on a
&89 1 aBildpf the Inwbationo perform etching or depositi on.
Al t hough pl asma coul d speed up process reaction and

Iovver ratur ectric

o e PE B EA RS So LORRATA tatp Befiftiormr iluidhe
tdeEmo'fdﬂ apetidically} e a0 RIPopenisdifE rodecs! ?[Byé@nﬂ# al flasma
process chanber, especially a platform carrying a
REqesss chambers yal | y equi pped with grounding devices. A
di el ectric chem cal vapor deposition (CVD) chanber is

npjbé§drﬁﬁlloﬁsbfftﬁlel ofisexpl anation. 20 Dielectric

deposi ti S Cr u0| I'n the sem conductor process and
can forman inter-netal dielectric layer (IMD), a
passiRlasman ipr eenusonly prsederfor Naéerdemanuafachmm tin the

enced b rnal | st :
FfoREAG: RsBSE 8. Mool rveger dppostiag (Y phapysical
vapav depbsitight(Phab) asit eRihing Mall isBOPIa8RAY - P1h$ta leontains
jllustrates a dielectric deposition system |l
iomzed gases and high-energy electrons generated by ionization of
molecules, so that ion bombardment or adsorption occurs on a surface of a
wafer to perform etching or deposition. Although plasma could speed up

process reaction and lower required process temperature, electrical charges

- may accumulate and even induce arcing from time to time.

Therefore, the components of the semiconductor process chamber,
especially a platform for carrying a wafer, are usually equipped with
grounding devices. A dielectric chemical vapor deposition (CVD)

chamber is exemplified as follows for explanation.

Dielectric deposition is crucial in the semiconductor process and can

-form an inter-metal dielectric layer (IMD), a passivation process to prevent

the device circuit from being influenced by external moisture and metal
ions, or a dielectric anti-reflective coating (DARC) to avoid light reflection
m lithography. FIG. 1 illustrates a dielectric deposition system 1
including a process chamber 11, a radio frequency (RF) generator 18, an

RF match box 19 and an RF match circuit 19'. The process chamber 11 is

- configured to perform dielectric deposition, and includes a heater 17 and an

anode plate 14.  The heater.17 is employed to carry a_nd heat a wafer 16 to
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25 including a process chanber 11, a radi o frequency
(RF) generator 18, an RF match box 19 and an RF match

_circuit 19'. The process chanber 1 1 is configured to

performdiel ectric deposition, and includes a heater

17 and an anode plate 14. The heater 17 is enpl oyed

to carry and heat a wafer 16 to 2 be of a process

be wferprpoess. tevpeRitunce s A1 B Famdsiah0 REdgmoRR giroupding rd® 13

i he h 17 dt | at 14. )
D b Befle? L, A, 0 o oS o, B eBpacitedl 6 gom, sleciical
06RAIGH0R PAtASPasl B géhéraldpRshfar B8 0" TAS R benefdtor B, Ghe

box 19 and the RF match circuit 19° forman RF system
RE meatohdbax &9 aprythe RE maich viecuit-19ofoem s RFgystamaso g to

. f i gl '
BlaB Lol r' e ¥ BESRE 6 BERFving Blesia. B, s oG chapmber
Waffor diélcofrict depdigder THe isarface @apfin i tesacy Weth) the
sh V\m 03nd the RF._nesh 10 is di sposed bel ow t he
8@?%? ¢ of the hicaternl apanerewic swrfasr (aefpshswn), wadphe RF

K90 Qliglﬁg)ge& ?glo% HEBSahdie algxgﬁée/z&}]dé E?ﬁ&%téﬂ: to the top of

groundi ng I's groun ater resistor
{heoR F grownding sofdr 13y ivdegeasnthieHmttven tofthd RF groundéagt radhe3
wafer 16.to,he of a process .tenperature (dependent on
Pastogpded. préﬂgﬁéfésr}%ﬂa@aa(}lpk/sl}ﬂvgﬁés rhiiedan & etter i to
gl Bet ks ' fyadi
AL e AT b 00 RO (oRRLAGR, Blopk RO vafibus
peetsses, @suadly Highshdvant @0 GYpfor che iddelectirict depdRifion on the
grqoundi hg rod 13. An end of the heater 17 secures an
BHepcsrofithe wateigt®undi ng rod 13 by projected springs
130 in a point-contact manner so as to establish
el eclFicd iCANBELLANidnP VRRPIARE: bottdM O She Hddfer 17 to
proj ected springs are usually exposed’in an.

show thenapplicatiof of the B grenpdmgtrodd 3ov ehn end of ghehedted] 7
astic,.forc 20 the

pfsi S of BE i Soming i d 30k PRueRed irainga 10y in 2

péilt-dSntact manner so as to establish electrical connection therebetween.

However, the projected springs 130 are usually exposed in an environment

of a high temperature over a long period. As a result, the elastic forces of
the projected springs 130 pressing on the end of the RF grounding rod 13
will become weak and may cause fatigue, inducing the contact resistance
between them to increase.  As a result of higher contact resistance, arcing
may occur as an RF power goes therethrough. Not only does the reflected
power of the input power become higher, causing unstable manufacturing
processing, but also the end of the RF grounding rod 13 is oxidized.
Accordingly, the higher resistance due to arcing increases the probability of
repeated arcing, and such a vicious cycle seriously affects the yield of the

wafers and the equipment has to be shut down for repair.

Moreover, the RF grounding rod 13, or even the entire heater 17, has

‘to be replaced if the RF grounding rod 13 is damaged, so that the lifetime

of the heater 17 is shortened and the up-time of the equipment is decreased.
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wi I'l beconme weak and may cause fatigue, inducing the
contact resistance between themto increase. As a
result of higher contact resistance, arcing my occur

‘as an RF power goes theretBrough. Not only does the

reflected power of the input power becone higher,
causi ng unst abl e manufacturing 25 processing, but also
iTherafore, dic cdst fmPwafco mmdinfactundg 161l k= inxteasadd.

Accordi ngly, the higher resistance due to arcing

i ncreases the b i i ng, and

such a vici ouﬁ%@géﬁgwmnﬁ yi el d of

the wafers and the equi pnment has to be shut down for

r epai The dbjeetive bl thdpreRntdhoemiibm s toGaotidle dHRF\%guﬁdlﬁg

enfire heate 7, has. 30 to be replaced if the
&?{Ldﬂaﬁﬂ)eﬁ ieaily, p RS grgyadling sod gppliedhin piplesmarghamber,

; : e : 9
WARLER! e onBlLl ORIANS LI WEEE o bty of
xlm:ﬁ@. :‘rﬁ'rthf:r RF gmum;ltmg kbd fimdﬁnagaﬁsie d?n Bb‘%ﬁ%%\d ﬂf@ﬂ‘tbitﬁng
) 0 ec ve O e resen I nventi on I S 0
fﬁl}%’%@%‘n Jﬁﬁer&%gn &11?1 gmaPB%i’,c“}ﬂ%}% cosecrni bal frymendoysty
fHidRead bid thdp-aRR! btfle equib bR HehAPRaked, 5 Whi ch can

i ncrease conductive efficirency so as to reduce the

probability of arcing. If the RF grounding rod is
damagkel achieve ghe #ho ectivd, aorRBgrognding frad bipfleykd in a

f t.h nuf agt uring cost .can.,be trenendous
PSR e . SR p R BF SRt Brditioseh T drcdbidatioe
withr hespi@sentoingetien/e The FD@ysumdihg GblVé@mpsdsta contact
groundj ng rod enployed in a 10 plasma_chanber of
lcash ashaam rodquil perepntact head i elseticely sevnectedhé@an RF

| i t inQI. . i ro .
et of 2 BIRRE ety THE miE rd8 i 00 0HES Vil omengtive
lagedof gokl, sdved, midke}, alanmiruineck tepper; Hie ch@i4 cofinddied to

| as %a er. The mainr_odis_cqie\ted wth a .
t@lﬁ ﬁ:@g&q ad and the other end is electrically connected to a grounding

base of the plasma chamber to form an electrical conductive path.

In accordance with an embodiment of the present invention, the

-main rod is constituted of an upper rod, a lower rod and connection means

connecting the upper and lower rods. The connection means may be
formed by soldering gold, silver, nickel, aluminum, copper or the. alloy
thereof, or in the form of an engagement of a screw portion and a nut

portion.

In view of the design in accordance with the present invention, the

damaged portion of the main rod, e.g., the lower rod, can be replaced, and

then the entire RF grounding rod is coated with a conductive layer to

increase the electrical grounding effect. Therefore, neither the entire RF
grounding rod nor the entire heater needs to be replaced, so that the
manufacturing cost is reduced and the up-time of the process equipment is

increased.
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‘the bottom of t

| ayer of gold, silver, nickel, alumnum or copper; one
end is connected to 1s the contact head and the other
end is electrically connected to a grounding base of
the plasma chanber to formdan el ectrical conductive
path. In accordance wth an enbodi nent of the present
invention, the min rod is constituted of an upper
rod, a | ovBRIEEDESCRITKON OF THE-BDRAWINGS i ng t he
upper and | ower rods. The connection neans may be 20

fornme y | decin ol d,..5il,ver, ni.ckel . al um num
coppe?l(g‘r 1 ?lﬁés?r_a%eél W{lﬁlé‘?ﬁg%q_‘c d8P°1°’1ﬁ0P ﬁgﬂ?l& m of an
engagenent of a screw portion and a nut portion. In

vi ew BIGIhés gesisgiettiond caswasfahe bottbmt SEthBRERA Shown in

kﬁépnyion, the damaged portion of the main rod, e.g.,
-Lower rod, can be replaced, and 25 then the entire

RF grounding rod is coated with a conductive |ayer to

i ncrepRe. thepel ical, i n egt: r :
nei ther the entt?’;“tggR@aa o@%@%g&; ggér%? gﬁgﬁ{aﬁgr%d mn
hecardanceceih thoptesentapietish; so that the

manuf acturing cost is reduced and the up-tinme of the

roc egui t ] i ncreased. -4 | DESCRI. PTI ]

O TRy R atea S R0 Gnen ofcihe T, eroimding roq in

d@&m&éﬁdeotﬂitﬁmégmseﬂiﬁvexﬂidrﬁ a cross-sectional view of
e heater showmn in FIG 1; 5 FIG 3

illustrates an_ application _of the RF grounding rod in
acco r%e”e(g)/\lstﬁie CHesspeetemt viewalengline Flgn Eﬂ%a)‘*(a);

illustrates a first enbodi nent of the RF grounding rod

N aceRs, 0 REstiMds s S8R ERBBEihdN T th8RF grounding rod in

accordance with the present invention;

FIG. 6 illustrates a third embodiment of the RF grounding rod in

accordance with the present invention; and

FIGS. 7(a) and 7(b) illustrate a fourth embodiment of the RF

grounding rod in accordance with the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The RF grounding rod of the present invention is described with
reference to the appended drawings as follows, so as to clearly show the

features of the present invention.

FIG. 3 iilustrates an application of an RF grounding rod in
accordance with the present invention. The structure shown in FIG. 3 is
upside down compared to actual practice for the ease of explanation. An
RF grounding rod 13' is applied in a heater 17 of a plasma chamber, e.g., a
chamber for plasma-enhanced chemical vapor deposition (PECVD) in this
embodiment. Two heater rods 12 and the RF grounding rod 13' project
out of the bottom of the heater 17. |
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FIG 4(b) is the cross-sectional view along line 1-1
in FIG 4(a); 10 FIG 5 illustrates a second

—enbodi nent of the RF grounding rod in -accordance with
the present invention; FIG5-6 illustrates a third

enbodi nent of the RF ground| ng rod in accordance wth

the present invention; and FIGS. 7(a) and 7(b)
i | | usFHGt 4(a) illentrates @stroctireeof thofRE gemRElmg Eocblb'umﬂﬂl FiG.

BB T RER R ik rAoRE T Ael oI ek od by RE
igheurmling aot (3vesipaiBed 8 HARHE roleB M dnd ar@cﬁﬁé&nﬁ&& 93]

t he appended draw ngs as follows, so as to clearly

§|%th to thgt tapeof otthet maipred ekt2.i n¥hatdostact dgead €31 3is

d
ooy lotbe RcARAIY Bibdefio Bk RF ;AT 4 {536 el of
:hi'gh/\alecmcﬁl G:mdhdtﬁrltylmﬁi Highdewp eﬁ:ﬁ[fﬂﬁéxﬁﬂlrh@ceaﬁi pRjund the
actice for %y e se of expl anati gn. RF groundi ng
e

P L8 sengral asma, nEbg epntept dread bﬁ}lam bt amavder
I‘
fikel o S 10 TR SR KR 3892
semiged by dingl prdjectB¥ springs diB@i gomsdo IBither gyide }tllxe Ol;mtrgt@sf to a
h 17. a) | strates
t&@“?‘ﬁ{ﬁt 'Sf?msc@f)% w@ elsstrinal @r%fgh&é( )F&ﬁ mgpepd 132 is
ﬁ(ala): of nicke} BS; é@ﬁﬁér%‘y of! amnﬁhﬁﬁ Gilo gnsn& istcodled

The RF round| n conprisés a main ro

_ 1 %ﬁ&’e dayenl tmh@@@%ngid sibrene nickei,t aiutxhnuﬂnopr oﬁpper

| ?Hgbe e esé;totr%l t%iglqoy Q(gthﬁeo tl#@ 13 ﬂ%c’s g&“ﬁé Bespg

th’e cvaddctivity bewbecal the midif abd q9p Q*Mﬁtth&( ipkofeated sbhﬁgs 130 is

ture .endurance to_ground the
1ncr asecfl so that the probability of arcing due to inferior contact

. therebetween can be decreased significantly.

- As shown in FIG. 5, the RF grounding rod 13' may comprise an
upper rod 133 and a lower rod 134 with different diameters, and the

- diameter of the lower rod 134 is less than that of the upper rod 133 by
- 0.1~4mm, so that the lower rod 134 can easily protrude from the heater 17.

As shown in FIG. 6, if arcing occurs on the known RF grounding rod
13, the damaged portion by arcing, i.e., the corresponding portion to the

‘lower rod 134 in this embodiment, can be cut off, and then a conductive

metal rod is soldered to the bottom of the upper rod 133 as a new lower rod
134, and consequently connection means 135 is formed therebetween.

The conductive metal rod can be made of gold, silver, copper or the alloy

thereof, and the connection means 135 between the upper rod 133 and the

lower rod 134 can be formed by soldering gold, silver, copper, nickel,
aluminum or the alloy thereof. Sequentially, the entire rod including the
upper rod 133, the connection means and the lower rod 134 is coated with

metal, e.g., gold, silver or copper, so as to form an RF grounding rod 13' of
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charges generated by plasma. The contact head 131 can
be made of nickel alloy or alumnumalloy. The | ower
portion of the main rod 132 is secured by the
projected springs 130 so a®-to further guide the
charges to a to groundi ng base (not shown) for

el ectrical grounding. The main rod 132 is nmade of

g erthodiment of theppesenainveption. al uni num al l oy, and is
coated with a conductive |layer 140 nade of gold,

 he oGS Plus s Mt E ouigRE o in Ao e B bl

eatbodiment bE tieo peeseht wivontioal wadFIRe7(Hi B 4 ReoskF2cabghl

the projected springs 0 is 15 increased, so that the
m%a[ﬂﬂa lCﬂ}e 31‘2 o @ﬂ%gﬂ e U8 gdditian t theopseaef soldering, the

: h&%&%ﬁgﬁsﬁi @FE@ fg %gie%%%gg@eggbf ha%gpédé ﬁgga%\&n 28 W hut

In FIG oun rise an
poyiem 139 th3Smredt thd apper radl 1334anvd tthe doWeeredti34. For

di anefers, .and th i.ameter of t Jower .rod 134 is
FLaEDler e IRRET GRd; oo the BEPT tofl 195 I payidsed pithyin scswv

\ I 4 ' u s .
hRlont Rid! MEbppa ehd of Mo Bier'rdl A5l 06 proOY \Fith a
RotsesporAing e dpertionotbr €8gagdmentandgathqrordreon byldering

' o L. € he correspondin ortio oth l.one
BRD b b o AR S AR 2 et lflEge
by @dldiéﬁhgegol&}aﬁi&}er,f e6bpes, Riekek ragq%ﬁl% Eﬁ ﬂgﬁtgnew tRérebP8o

upper rod 133 as_a new |l ower ro ] , )
ol rsirase the conducitvin dBdhis ambodisnanty thedower rod 134 is

T i | b d
SASAELE LR o TURSOREBNTEY B, SRS o
aonenddatingrdenscrd®pdrtivnead thbewy ofi 4391ahd @ndrrbher

ower rod 134 can be forned Py sol deri ng%gol d, silver,

SYspeportioncek the samgndiameles: tqmbeing) sspured byothe projected
Ntigal |y, the entire rod including the .30 upper

od “133, the connection neans and the lower rod 134 is

coated with netal, e.g., gold, silver or copper, so

as t AA§ mrentianedBboye tihel pogiomof 4@ kmafwn RF grounding rod 13

protruding from the bottom of the heater 17 is in contact with the projected
springs 130, and arcing occurs thereon from time to time due to the fatigue
of the projected springs 130. Therefore, the RF grounding rod 13 often
needs to be replaced.  Through the design of the connection means 135, if
the lower portion of the RF grounding rod 13 is damaged by arcing, the RF
grounding rod 13, or even the entire heater 17, does not need to be replaced.
Instead, the damaged portion can be directly replaced with a new one and
coated with a conductive layer 140. As a result, the cost can be reduced

tremendously and the up-time of the process equipment can be increased.

The application of the present invention is not limited to the PECVD
process chamber exemplified above, and can be used for other

semiconductor process equipment, €.g., CVD, PVD or etching chambers.

The above-described embodiments of the present invention are




6 an enbodi ment of the present invention. FIG 7(a)
illustrates an RF grounding rod in accordance with

—-another enbodi nent of the present invention, and FI G

7(b)- is a cross-sectional ~Aiew along line 2-2 in FIG
7(a). In addition to the use of soldering, the 5
connection neans 135 can be an engagenent of a screw
patendeshtahe iHustrativepanlyi oiNurBerous alenmive ¢rhbodippats may

h .rqd 134.. For, ,exanpl the | ower
bR et ol AU L% &g ArRiRE oot fscope of
de foltowiap@ldig. upper end of the lower rod 134 is
provided with a corresponding nut portion for
engagenent. Furthernore, a soldering 10 bl ock 138 can
be forned al ong the circunference of the contact
interface by soldering gold, silver, copper, nickel,
aluminumor the alloy thereof so as to increase the
conductivity. In this enbodiment, the lower rod 134 is
designed to be a structure including a w der upper
portion for -accommodating the screw portion and the
nut portion 139 and a narrower 15 |ower portion of the
same di aneter for being secured by the projected
springs 130. As nentioned above, the portion of the
known RF grounding rod 13 protruding fromthe bottom
of the heater 17 is in contact with the projected
springs 130, and arcing occurs thereon fromtinme to
time due to the fatigue 20 of the projected springs
130. Therefore, the RF grounding rod 13 often needs
to be replaced. Through the design of the connection
means 135, if the [ower portion of the RF grounding
rod 13 is damaged by arcing, the RF grounding rod 13,
or even the entire heater 17, does not need to be
repl aced. |Instead, the danaged portion can be
directly replaced with a new one and '
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25 coat ed vvith a conductive layer 140. As a result,

the cost can be reduced trenendously and the up-tine

.. of the process equi pnrent can be increased. The

application of the present8mvention is not linited to
the PECVD process chanber exenplified above, and can
be used for other sem conductor process equi pnent,

e.g., CVD, PVD or etching chanbers. 30 The
%&@TJS£LMM{EM¢ nments of the present invention

are 7 intended to be illustrative only. Numerous =

alterpativ 0 Vi by, L hgse

ski | | gd i nﬁt [ém)arﬂjfs Hﬁé}{%@d%‘g@?ﬁﬁ%g&}%de' {ngégc?pglag?la
thembe, lcomiprging:ai ms. -8 WHAT |S CLAIMED IS 1. A

radi o frequency (RF) groundi ng rod enployed in a

pl asma cha e in act_ head

Gl ot § FORIACY DEwh SLAPRCRI Do ORISR A GRF FHeshopf ieaplasma
ehafber angnd a mal n rod coated with an el ectrical
conductive |ayer, wherein one end of the main rod is

connected to the contact head, and the other end is |
el ect imainh |rpd eeatest wath aro ebccgnmlmdmdgcﬂnm lay(cf wherein one

ch SO _as an el rlca onducti ve
B Rt BMR Fha 5§ gaﬁl%e#?deg% S fen o o BieEi e
dlecithallyi dbnnbetedtBian dﬁ@‘@éseséﬁtl@fplﬂﬁﬁs lchh@ber 80 as to
| .ower rod and connection means connecting the upper

form amelechical sapdugtivg path. The radi o frequency
grounding rod of Claim2, wherein the connection

meansy i's f’ﬂ{en%l@fre?ﬂeggf | AGuRdilE B of Claim 1, wherein the

main rod comprises an upper rod, a lower rod and connection means

connecting the upper rod and the lower rod.

3. The radio frequency grouhding rod of Claim 2, wherein the

connection means is formed by soldering a metal.

4. The radio frequency grounding rod of Claim 3, wherein the
metal is selected from the group consisting of gold, silver, copper, nickel,

alummum and the alloy thereof.

5.  The radio frequency grounding rod of Claim 2, wherein the

connection means is an engagement of a screw portion and a nut portion.

6. The radio frequency grounding rod of Claim 1, wherein the
electrical conductive layer is made of gold, silver, copper, nickel,

aluminum or the alloy thereof.

7. The radio frequency grounding rod of Claim 1, wherein the

thickness of the electrical conductive layer is less than 3mm.

8. The radio frequency grounding rod of Claim 1, wherein the

- lower rod comprises a wider upper portion and a narrower lower portion.




15 4. The radi o frequency grounding rod of Caim 3,
wherein the netal is selected fromthe group
~consisting of gold, silver, copper, nickel, alum num
~and the alloy thereof. 5. -fhe radio frequency
grounding rod of Claim2, wherein the connection
means i s an engagenent of a screw portion and a nut

porti 8n. 2bhe radige freguiency rgqundmg b wfidChgnr dgl which is
| duct |
R L B S, oo v 2V s

al | oy thereof 7. The radio frequency grounding rod of

Cl ai mlQ, whs eadiotfh uetnhyc%?ﬁﬁﬁémgfrddh@f cligied 1 Gfllerein the
nduct.i v ayer ss .than 3m11 25 8. The radio

Paéal?e elber"é%%ﬁ migal yapphilapositir.-ei n the | ower

rod conprises a w der upper portion and a narrower

| oner portion. 9 9. The radio frequency groundi ng rod

of aiml, whichis installed in a heater of the

pl asma chanber. 10. The radi o frequency grounding rod

of Caim1, wherein the plasma chanmber is used for

chem cal vapor deposition. 5




